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(54) Ink jet print head 



(57) An ink jet print head is described including first 
terminals (73. 73), which are located at the side ends 
of a cover member (2) as a vibrating plate, which are 
connected to discrete electrodes (70, 70') for selectively 
applying signals to piezoelectric vibrators (5, 5'). Fur- 
thermore, a flexible cable (71) for transferring electric 
signals, extends over said pressure generating means 
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(5, 5') and is secured at said terminals (73, 73'). The 
flexible cable (71 ) is held in a state that a gap (g) deter- 
mined by the height of said terminals is formed between 
the lower surface of the flexible cable (71 ) and the upper 
surfaces of the pressure generating means (5, 5') so that 
said pressure generating means (5. 5') is provided be- 
neath said flexible cable. . 
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Description 

[0001] The present invention relates to an ink jet print 
head 

[0002] An ink jet print head of the type in which a noz- 
zle plate, a fluid path tornning member and an elastically 
deformable cover member are layered, and pressure 
generating means, for example, piezoelectric vibrators 
of a flexure vibration mode, are attached to the surface 
of the cover member, is known. In the print head, most 
of the members or constituent elements of the print head 
are made of ceramics. Accordingly, it is possible to layer 
the green sheets of those elements and to sinter the lay- 
ered ones. In other words, these elements may be joint- 
ed together without adhesive, and hence there is elimi- 
nated a bonding step by adhesive in the manufacturing 
process of the print head, and the manufacturing proc- 
ess is simplified. 

[0003] In the print head, as shown In Fig. 32(a), dis- 
crete electrodes B, B, B of piezoelectric vibrators A, 
A, . , A are connected to an external device by a flexible 
cable C. 

[0004] To improve the print quality and the printing 
speed, some type of the print head has an increased 
number of nozzio holes. In this type of the print head, 
the discrete electrodes are extremely narrow in width, 
and the number of Ihem is large. Connection work of 
these discrete electrodes to a flexible cable C is very 
difficult. Further, the conductive patterns of the flexible 
cable C as signal paths connecting an external device 
to the print head are also considerably narrow. The nar- 
row conductive patterns have high electrical resistance. 
To feed signals of satisfactorily high level from the ex- 
ternal device to the print head through the conductive 
patterns, a drive circuit of high drive voltage and high 
power is required. 

[0005] To solve the problem, there is a proposal as 
shown in Fig. 32(b). In the proposal, a semiconductor 
chip D with a drive signal generating function is fastened 
to the surface of an actuator unit E of the print head and 
sealed by resin R The semiconductor chip D must be 
mounted at a place on the actuator unit E where no pi- 
ezoelectric vibrators are present. This increases the 
size of the print head, and requires an additional work 
to connect the signal output terminals of the semicon- 
ductor chip D to the discrete electrodes B, B, B by 
wires G and G'. 

[0006] The flexible cable thai connects electric sig- 
nals from the external device to the print head is mount- 
ed on the actuator unit in such a way that the cable ex- 
tends over the arrays of piezoelectric vibrators on the 
rear side of the actuator unit, and are secured at both 
the ends in width direction to the terminals connecting 
to the discrete electrodes on both sides of the actuator 
unit. Such a mounting of the flexible cable creates some 
problems. For example, in the case of the loosely 
mounted flexible cable, if an external force acts on the 
flexible cable, the flexible cable will come in contact with 
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the piezoelectric vibrators. In this state, the cable sup- 
pressively acts on the vibration of the piezoelectric vi- 
brators 

[0007] The present invention Intends to overcome the 

5 aforementioned problems. The object is solved by the 
ink jet print head according to independent claim 1 . Fur- 
ther advantages, features, aspects and details of the in- 
vention are evident from the dependent claims, the de- 
scription and the accompanying drawings. The claims 

to are intended to be understood as a first non-limiting ap- 
proach of defining the invention in general terms. 
[0008] The present invention basically relates to an 
ink jet print head of the type in which a nozzle plate, a 
fluid path forming member and an elastically deformable 

IS cover member are layered, and pressure generating 
means are attached to the cover member. 
[0009] The present invention has a first aspect to pro- 
vide a novel ink jet print head which reliably prevents 
the flexible cable from coming into contact with the pie- 

20 zoeleclric vibrators, and easily joints the flexible cable 
with the actuator unit. 

[0010] To achieve the above object, the present in- 
vention provides an ink jet print head comprising; a first 
cover member; a spacer attached to the first cover to 

2S seal at one side thereof to partially define pressure gen- 
erating chambers; a member having nozzle openings 
for sealing the other side of the spacer, the nozzle open- 
ings being communicated with the respective pressure 
generating chambers; pressure generating means for 

30 applying pressure tothe pressure generating chambers; 
terminals formed at the side ends ol the first cover mem- 
ber and connected to discrete electrodes for selectively 
applying signals to the pressure generating means; 
a flexible cable for transferring electric signals, said flex- 

35 ibie cable being extended over said pressure generating 
means and secured at said terminals, and whereby said 
flexible cable is held in a state that a gap determined by 
the height of said terminals is formed between the lower 
surface of the flexible cable and the upper surfaces of 

40 the pressure generating means so that said pressure 
generating means is provided beneath said flexible ca- 
ble. 

[0011] As an example, another ink jet print head is 
provided which simplifies the wiring structure to connect 

45 the print head with an external drive circuit wllhout in- 
creasing the size of the print head. 
[0012] The present invention will be belter understood 
with reference to the following description ol preferred 
embodiments of the invention taken in conjunction with 

50 the accompanying drawings, wherein: 

Fig. 1 (a) is a cross sectional view showing an em- 
bodiment of an ink jet print head; 
Fig. 1(b) is a cross sectional view showing an in- 
55 stance of the connection structure of the print head 
to an external device; 

Fig. 2 is a plan view showing a structure on the up- 
per surface of an actuator unit of the print head; 
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Fig. 3 is a plan view showing the terminal arrays of 
a semiconductor integrated circuit fastened to the 
print head: 

Fig. 4 is a cross sectional view showing a relation- 
ship between a semiconductor integrated circuit s 
and an actuator unit; 

Fig. 5 is a cross sectional view showing another em- 
bodiment of an ink jet print head; 
Fig. 6 is a cross sectional view showing still another 
embodiment of an ink jet print head; io 
Fig. 7 is a cross sectional view showing yel another 
embodiment of an ink jet print head; 
Fig. 8 is a cross sectional view showing a further 
embodiment of an ink jet print head; 
Fig. 9 is a cross sectional view showing an addition- ^5 
al embodiment of an ink jet print head; 
Fig. 10 is a cross sectional view showing an exam- 
ple of a flexible cable used in the Invention; 
Fig. 11 is a cross sectional view showing another 
embodiment of an ink jet print head; 20 
Fig. 12 is a cross sectional view showing another 
embodiment of an ink jet print head; 
Fig. 1 3 is a cross sectional view showing still anoth- 
er embodiment of an ink jet print head; 
Fig. 1 4 is a cross sectional view showing an ombod- 2S 
iment of an ink jet print head according to the 
~pTe"seint"inventiohTthe"illustration stiowing a struc- 
ture in the vicinity of the pressure generating cham- 
bers oppositely arrayed; 

Fig. 15 is an enlarged and partial sectional view 30 
showing a connection structure of one side of the 
print head, which is for connecting the discrete elec- 
trodes to the flexible cable; 

Fig. 16 is a perspective view showing an example 
of the terminal that may be used in the invention; 35 
Fig. 1 7 is a sectional view showing another connec- 
tion structure of the lead portions to the conductive 
patterns; 

Fig. 18 is a perspective view showing another ex- 
ample of the terminals that may be used in the in- 
vention; 

Fig. 19 is a perspective view showing still another 
example of the terminals that may be used in the 
invention; 

Fig. 20 is a sectional view showing still another con- -fs 
nection structure of a flexible cable to the discrete 
electrodes according to the invention; 
Fig. 21 is a perspective view showing yel another 
example of tlie terminals that may be used In the 
invention; so 
Fig. 22 is a perspective view showing a further ex- 
ample of the terminals that may be used in the in- 
vention; 

Fig. 23 is a sectional view showing yet another con- 
nection structure of a flexible cable to the discrete ss 
electrodes according to the invention; 
Fig. 24 is a sectional view showing a further con- 
nection structure of a flexible cable to the discrete 



electrodes according to the invention; 
Fig. 25 is a sectional view showing another connec- 
tion structure of a flexible cable to the discrete elec- 
trodes according to the invention; 
Fig. 26 Is a sectional view showing still another con- 
nection structure of a flexible cable to the discrete 
electrodes according to the invention; 
Fig. 27 is a sectional view showing an additional 
connection structure of a flexible cable to the dis- 
crete electrodes according to the invention; 
Fig. 28 is a sectional view showing a further con- 
nection structure of a flexible cable to the discrete 
electrodes according to the Invention; 
Fig. 29 is a sectional view showing a structure of 
the pressure generating means according to the 
present invention; 

Fig. 30 is a sectional view showing another struc- 
ture of the pressure generating means according to 
the present invention; 

Fig. 31 is a sectional view showing still another 
structure of the pressure generating means accord- 
ing to the present invention; and 
Fig 32(a) and 32(b) are a perspective view and a 
cross sectional view showing a conventional ink jet 
print head. 



~[0013] Fig7~1~is a diagram showing an embodiment of 
an ink jet print head, In the figure, there is illustrated the 
structure in the vicinity of the pressure generating cham- 
bers of one actuator unit of the print head. Reference 
numeral 2 designates a first cover member as a zirco- 
nium thin plate being 10 pm thick. A common electrode 
4, which serves as one of the poles, is formed on the 
surface of the first cover member 2 in a state that it is 
located facing pressure generating chambers 3 and 3'. 
Piezoelectric vibrators 5 and 5', which comprise thin 
plates made of piezoelectric material, e.g., PZT, are fas- 
tened to the common electrode 4. 
[0014] Discrete electrodes 6 and 6' are formed on the 
surfaces of the piezoelectric vibrators 5 and 5', respec- 
tively. Conductive patterns 7 and 7' as lead paths, made 
of conductive material, are formed by evaporation proc- 
ess so as to correspond to the common electrode 4. The 
conductive patterns 7 and 7' extend to the side ends of 
the first cover member 2. 

[0015] A spacer 8 Is formed of a ceramics plate with 
holes formed therein. The ceramics plate is made of zir- 
conia (Zr02) and having a thickness, e.g.. 150 ^m, suit- 
able for the formation of the pressure generating cham- 
bers 3 and 3*. The first cover member 2 and a second 
cover member 9 to be described later are applied to the 
top and bottom of the spacer 8, and seals the spacer. 
Tho holes of the spacer 8 thus scaled serve as pressure 
generating chambers 3 and 3'. 

[001 6] The second cover member 9 is a thin ceramics 
plate with holes formed therein, made of zirconia, for ex- 
ample. These holes are through-holes 10 and 10' and 
through-holes 11 and 11'. The through -hole 10, 10'com- 
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municativeiy connects an ink supplying port 13, 13' to 
be described later to the pressure generating chamber 
3. 3', respectively The through-hole 11. 11' communica- 
tively connects a nozzle opening 18, 18' to the pressure 
generatirig chambers 3, 3'. respectively. The second 
cover member 9 thus formed is fastened to the bottom 
of the spacer 8. 

[0017] To form the actuator unit, sheets of ceramics 
clay, called green sheets, of the cover members 2 and 
9 and spacer 8, are each shaped to have a predeter- 
mined thickness, and the resultant green sheets are 
holed at predetermined locations thereof. The holed 
green sheets are layered and sintered into an actuator 
unit. In this case^ no adhesive is used for forming the 
actuator unit 1 . 

[001 8] An ink supplying port forming substrate 1 2 also 
serves as a substrate on which the actuator unit 1 Is fas- 
tened. The ink supplying port forming substrate 12 in- 
cludes ink supplying ports 1 3 and 1 3' and through-holes 
14 and 14'. The ink supplying ports 13 and 13' are lo- 
cated closer to one end of the pressure generating 
chambers 3 and 3'. respectively. The through-holes 14 
and 14' are located closer to the other end of the pres- 
sure generating chambers 3 and 3'. respectively. The 
ink supplying port 13, 13' communicatively connects the 
pressure generating chamber 3, 3' to the common ink 
chamber 15, 15' to be described later. The through-hole 
14, 14' communicatively connects the pressure gener- 
ating chamber 3. 3' to the nozzle opening 18, 18*. 
[0019] A common ink chamber forming substrate 19 
includes the common Ink chambers 15 and 15' that re- 
ceive ink from an ink tank, not shown, and through-holes 
16 and 16' connecting to the nozzle openings 18 and 
18'. A nozzle plate 17 is applied to the underside of the 
common ink chamber forming substrate 19 to seal the 
common ink chambers 15 and 15'. 
[0020] The nozzle plate 1 7 includes the nozzle open- 
ings 18 and 18' that respectively communicate with the 
pressure generating chambers 3 and 3' through the 
through-holes 11, 14 and 16. and 11'. 14' and 16'. 
[0021] The ink supplying port forming substrate 12, 
the common ink chamber forming substrate 1 9 and noz- 
zle plate 17 are coupled together into a flow path unit 
20 by thermal welding films, adhesive or the like. The 
flow path unit 20 and the actuator unit 1 are then coupled 
together by thermal welding films, adhesive or the like, 
serving as a recording head. 

[0022] As best illustrated in Fig. 2, terminals 22 and 
22' are, respectively, silver or copper electrodes formed 
by applying conductive material having a bonding ability, 
e.g. , solder chips or conductive adhesive, to the surfac- 
es of the extremities of the conductive patterns 7 and 7', 
which arc the extended parts of the discrete electrodes 
6 and 6'. 

[0023] A semiconductor integrated circuit 30, as a 
bear chip in this embodiment, supplies drive signals to 
the piezoelectric vibrators 5 and 5' when receiving a sig- 
nal from an external device. As shown in Fig. 3, drive 



signal output terminals 31 and 31 ' are arrayed on both 
sides of the bonding surface of the semiconductor inte- 
grated circuit 30 at the same pilches as of the terminals 
22 and 22' of the actuator unit 1 . 

5 [0024] The semiconductor integrated circuit 30 is fas- 
tened to the actuator unit 1 in a state that the bottom 
surface of the semiconductor integrated circuit 30 is 
spaced apart from the surfaces of the piezoelectric vi- 
brators 5 and 5' by a distance H (Fig. 4). In this case, 

10 when the terminals 22 and 22*, and 31 and 31' are made 
of conductive adhesive, the adhesive Is hardened, and 
when the terminals are made of solder, the solder is ther- 
mally welded 

[0025] A flexible cable, which receives a print signal 
from an external device and supplies it to the semicon- 
ductor integrated circuit 30 of the print head, may direct- 
ly be connected to the semiconductor integrated circuit 

30. In another connection or structure of the flexible ca- 
ble shown in Fig. 1(b), conductive patterns 33 are 

20 formed on the surface of Ihe semiconductor integrated 
circuit 30, and a flexible cable 44 is connected or to tlie 
conductive patterns 33. 

[0026] The semiconductor integrated circuit 30 re- 
ceives a serial print signal from an external device, and 
2S converts the serial print signal into parallel print signals 
and outputs them to the discrete electrodes 6 and 6' of 
the piezoelectric vibrators 5 and 5' through the terminals 

31 , 22 and 31' and 22'. The piezoelectric vibrators 5 and 
5' are simultaneously driven by the parallel print signals. 

30 [0027] When the piezoelectric vibrators 5 and 5' are 
driven, flexure vibrations take place in the vibrators. 
With the vibration, the pressure generating chambers 3 
and 3' contract to shoot forth ink droplets through the 
nozzle openings 18 and 18'. When the supply of the 

3S drive signals is stopped, the vibrations of the vibrators 
disappear. In this state. Ink flows from the common ink 
chambers 15 and 15' into the pressure generating 
chambers 3 and 3' through the ink supplying ports 13 
and 1 3'. 

40 [0028] It is noted that distance between the terminals 
31 and 31' of the semiconductor integrated circuit 30 
and the discrete electrodes 6 and 6' is considerably 
short when comparing with the flexible cable C shown 
in Fig. 32(a). Therefore, electric resistance between the 

45 semiconductor integrated circuit 30 and the discrete 
electrodes 6 and 6' is extremely small. And the drive sig- 
nals are applied from the semiconductor integrated cir- 
cuit 30 to the piezoelectric vibrators 5 and 5* with little 
attenuation. 

so [0029] The semiconductor integrated circuit 30 is lo- 
cated above the piezoelectric vibrators 5 and 5' and 
serves as the wall. Accordingly, it noticeably shuts off 
noise of sovoral kHz, generated when tho piezoelectric 
vibrators 5 and 5' are driven. The semiconductor inte- 
rs grated circuit 30 is bonded to both sides of the actuator 
unit 1 by adhesive or solder. Because of this, it also 
serves as a reinforcing plate, which prevents another 
member from coming in contact with the piezoelectric 
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vibrators 5 and 5', 

[0030] Fig. 5 shows another embodiment of an ink jet 
print head. A semiconductor integrated circuit mounting 
substrate (referred to as an IC mounting substrate) 40 
includes terminals 41 and 41 '. which are arrayed at the 
same pitches as of the terminals 22 and 22' of the actu- 
ator unit 1 . The IC mounting substrate 40 supports ther- 
eon a semiconductor integrated circuit 30, constructed 
as a bear chip. The output terminals of the semiconduc- 
tor integrated circuit 30 are connected to the terminals 
41 and 4V by wires 42 and 42'. respectively. The sem- 
iconductor integrated circuit 30 is fastened onto the sur- 
face of the IC mounting substrate 40 and sealed by resin 
43. 

[0031] !n this embodiment, the semiconductor inte- 
grated circuit 30 may be constructed independently of 
the size of the actuator unit 1 . The semiconductor inte- 
grated circuit 30 may be adapted to any type of the ac- 
tuator unit, for example, a large actuator unit, by merely 
using the IC mounting substrate 40 selected according 
to the size of the actuator unit. This leads to the cost 
reduction of the semiconductor Integrated circuit 30. 
[0032] A flexible cable 44 for connecting the print 
head to an external device may be connected to the IC 
mounting substrate 40. Therefore, In the soldering work, 
a little heat is transferred to the actuator unit 1 . 
[003 3] Figr6"shows yet~another eml5oaiment"of arTihiT" 
jet print head. In this embodiment, at least one support 
59. made of electrically insulating material, is placed in 
the middle part of the actuator unit 1 where neither of 
the piezoelectric vibrators 5 and 5' is present. The sup- 
port 59 is high enough to form such a gap as to prevent 
the IC mounting substrate 40 from being brought into 
contact with the piezoelectric vibrators 5 and 5', and to 
such an extent that the top of the support 59 reaches 
the rear side or surface of the IC mounting substrate 40. 
[0034] Since the support 59 supports the IC mounting 
substrate 40. the print head of the embodiment is free 
from a warp of the print head caused by the weight con- 
centrated on both sides of the print head. 
[0035] Fig. 7 shows still another embodiment of an ink 
jet print head. In this embodiment, a semiconductor in- 
tegrated circuit 30 is put in a package 45. Terminals 46 
and 46'. arrayed at the same pitches as of the terminals 
22 and 22* of the actuator unit 1 . are formed on the bot- 
tom surface of the package 45. The output terminals of 
the semiconductor integrated circuit 30 are connected 
to the terminals 46 and 46' by wires 47 and 47', respec- 
tively. 

[0036] In this embodiment, the pitches of the arrays 
of the terminals 46 and 46' of the package 45 are coin- 
cident with those of the arrays of the terminals 22 and 
22'. Therefore, a proper semiconductor integrated cir- 
cuit 30. currently marketed, may be applied to various 
types of actuator units. With the flexible application of 
the semiconductor integrated circuit 30, the reduction of 
cost to manufacture is realized. In the work of soldering 
the flexible cable, the actuator unit 1 will not be exces- 



sively heated. 

[0037] Fig. 8 shows an additional embodiment of an 
ink jet print head. As shown, at least one support 59. 
made of electrically insulating material, is placed in the 

5 middle part of the actuator unit 1 where neither of the 
piezoelectric vibrators 5 and 5' is present. The support 
59 is high enough to form such a gap as to prevent the 
IC mounting substrate 40 from being brought into con- 
tact with the piezoelectric vibrators 5 and 5'. and to such 

10 an extent that the top of the support 59 reaches the rear 
side of the package 45. 

[0038] Since the support 59 supports the central part 
of the package 45, the print head of the embodiment is 
free from a warp of the print head caused by the weight 

15 acting concentrically on both sides of the print head. 
[0039] Fig. 9 shows a further embodiment of an ink jet 
print head. The print head of the invention uses a flexible 
cable 50 as Illustrated in Fig. 10. As shown, the flexible 
cable 50 has a layered structure including a heat resist- 

20 ant insulating film 51 made of polyimide, for example, 
and a metal foil 52 made of copper, for example, and 
may be soldered to the heat resistant insulating film 51 . 
[0040] The width of the flexible cable 50 is so selected 
as to entirely cover the arrays of the terminals 22 and 

25 22'. 

[0041] A window 53 is formed in a region of the flexible 

cable"501whe7e is"to^t5e^located^bove th^central^portlorT" 
of the actuator unit 1 when the flexible cable is mounted 
on the actuator unit. The size of the window 53 is located 
30 such that the signal output terminals 55 and 55' of the 
semiconductor integrated circuit 30 face the piezoelec- 
tric vibrators 5 and 5' and seen from outside through the 
window. 

[0042] Tabs 54 and 54' extend from the metal foil 52 
35 into the window 53. while being arrayed corresponding 
in position to the signal output terminals 55 and 55' of 
the semiconductor integrated circuit 30. After the labs 

54 and 54' are soldered to the signal output terminals 

55 and 55', at least the fringe of the semiconductor in- 
-io tegrated circuit 30 is sealed with resin 56. to complete 

the mounting of the flexible cable 50 on the semicon- 
ductor integrated circuit 30. Spherical terminals 57 and 
57' are formed on the rear side of the flexible cable 50 
while being arrayed corresponding in position to the ar- 

•^5 rays of the terminals 22 and 22' of the actuator unit l . 
Those terminals are connected to the semiconductor In- 
tegrated circuit 30 through conductive patterns 58 and 
58' that extend from the tabs 54 and 54*. 
[0043] In this embodiment, the spherical terminals 57 

so and 57' of the flexible cable 50 or the terminals 22 and 
22' of the actuator unit 1 is designed to have preferably 
such a thickness that the rear side of the flexible cable 
50 is located above the piezoelectric vibrators 5 and 5'. 
If so selected, the following advantages are obtained. 

55 The flexible cable 50 is prevented from brought into con- 
tact with the piezoelectric vibrators 5 and 5'. Further, the 
spherical terminals 57 and 57' of the flexible cable 50 is 
relatively easily soldered to the terminals 22 and 22' of 
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Ihe actuator unit 1 by heating those terminals through 
the heat resistant insulating film 51. 
[0044] Fig. 11 shows anolher embodiment of an ink 
jet print head. As shown, at least one support 59, made 
of electrically insulating material, is placed in the middle 
part of the actuator unit 1 where neither of the piezoe- 
lectric vibrators 5 and 5' is present. The support 59 is 
high enough to form such a gap as to prevent the flexible 
cable 50 from being brought into contact with the piezo- 
electric vibrators 5 and 5\ and to such an extent that the 
top of the support 59 reaches the rear side of the pack- 
age 45. 

[0045] In this embodiment, the support 59 supports 
the semiconductor integrated circuit 30 and forms a 
fixed gap between the rear side of the flexible cable 50 
and the piezoelectric vibrators 5 and 5'. Therefore, there 
is no need of using the spherical terminals 57 and 57* 
for lifting the flexible cable 50. Further, the conductive 
patterns 58 and 58* may directly be connected to the 
terminals 22 and 22* by soldering. 
[0046] The support 59 receives the weight of the sem- 
iconductor integrated circuit 30. Accordingly, the semi- 
conductor integrated circuit 00 is not warped, and not 
brought into contact with the piezoelectric vibrators 5 
and 5*. There is no chance that the weight of tho semi- 
conductor integrated circuit 30 and the flexible cable 50 
concentrically act on both sides of the print head, to 
thereby warp the print head. Further, the protrusions re- 
ceive force accidental applied from above. The resultant 
print head is free from the detrimental contact and warp. 
[0047] Fig. 12 shows another embodiment of an ink 
jet print head. In the above-mentioned embodiments, 
the semiconductor integrated circuit 30 is connected to 
the flexible cable 50 through the tabs 54 and 54'. To con- 
nect the semiconductor integrated circuit 30 to the flex- 
ible cable 50, the present embodiment uses a connec- 
tion structure as shown in Fig. 12. As shown, the semi- 
conductor integrated circuit 30 includes terminals 60 
and 60' protruded from the rear side thereof. In mounting 
the flexible cable 50, the metal foil 52 thereof is directed 
upward. The protruded terminals 60 and 60' are sol- 
dered to the metal foil 52 of the flexible cable 50. 
[0048] To connect the flexible cable 50 to the actuator 
unit 1 , the flexible cable 50 has the terminals 61 and 61 
The terminals 61 and 61 ' are formed at the locations on 
the rear side of the flexible cable 50, which face respec- 
tively the terminals 22 and 22' of the actuator unit 1 . At 
Ihe locations of the flexible cable 50, the heal resistant 
insulating film 51 is cut out and accordingly the metal 
foil 52 is uncovered with the film. The terminals 61 and 
61 ' are formed on those uncovered metal foil 52 at such 
a height as to provide a gap between the underside of 
the flexible cable 50 and the piozocloclric vibrators 5 
and 5'. In this case, solder chips or conductive adhesive 
is used for the formation of the terminals 61 and 61 The 
flexible cable 50 Is connected at the terminals 61 and 
61' to the terminals 22 and 22' of the actuator unit 1 . 
[0049] Fig. 1 3 shows yet another embodiment of an 
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ink jet print head. As shown, at least one support 59 is 
placed in the middle part of the actuator unit 1 where 
neither of the piezoelectric vibrators 5 and 5' is present. 
The support 59 is high enough to form such a gap as to 

5 prisvent the flexible cable 50 from being brought into 
contact with the piezoelectric vibrators 5 and 5'. and to 
such an extent that the top of the support 59 reaches 
the rear side of the flexible cable 50. With provision of 
the support 59. there is no chance that the flexible cable 

10 50 comes in contact with the piezoelectric vibrators 5 
and 5'. 

[0050] In the above-mentioned embodiments, the dis- 
crete electrodes 6 and 6' are formed on the surfaces of 
the piezoelectric vibrators 5 and 5'. 

IS [0051] Also in an Inkjet print head of the type in which 
the discrete electrodes are formed on the surface of the 
first cover member 2 and the common electrode is 
formed on the surfaces of the piezoelectric vibrators 5 
and 5'. the above-mentioned method is available if the 

20 discrete eleclrodes can be led to Ihe side ends of the 
first cover member by the lead portions. 
[0052] Fig. 1 4 shows an embodiment of an ink jet print 
head according to an aspect of the present invention. In 
the present embodiment, discrete electrodes 70 and 70' 

2S of tho actuator unit 1 arc formed as lower oloctrodos on 
the surface of the first cover member 2. A common elec- 
trode, not shown, is formed on the surfaces of the pie- 
zoelectric vibrators 5 and 5'. 

[0053] Reference numeral 71 designates a flexible 

30 cable for connecting the discrete eleclrodes 70 and 70' 
to an external drive circuit. Conductive patterns 72 and 
72' are respectively formed at the extremities of the pat- 
terns of the flexible cable 71 for connecting signals from 
the external drive circuit to the discrete electrodes 70 

35 and 70*. The conductive patterns 72 and 72' are arrayed 
at the same pitches as of terminals 73 and 73' connect- 
ing to the discrete electrodes 70 and 70'. 
[0054] Fig. 15 Is an enlarged and partial sectional 
view showing a connection structure of one side of the 

40 print head, which is for connecting the discrete elec- 
trodes 70 and 70' to the flexible cable 71 . As shown, the 
terminals 73, 73' is formed on the surface of the first cov- 
er member 2. In this embodiment, It Is made of electri- 
cally insulating material, and the thickness of the termi- 

45 nals 73, 73' is selected so that the upper surfaces of the 
terrininals 73, 73' are higher than the surfaces of the pi- 
ezoelectric vibrators 5. 

[0055] The terminals 73, 73' may be formed in a man- 
ner that as shown in Fig. 16, a plate made of electrically 

50 insulating material and having the thickness stated 
above, for example, a thin plate 74 made of ceramics, 
for example, is bonded to an area of the surface of the 
first cover member 2, which is close to and along the 
side edge of the cover member surface or that a green 

55 sheet of ceramics is stuck on that surface area of the 
first cover member 2, and sintered in the sintering proc- 
ess of the piezoelectric vibrators 5. 
[0056] Returning to Fig 14, lead portions 75 and 75' 
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extend from Ihe discrete electrodes 70 and 70' to the 
surfaces of ihe terminals 73. 73'. respectively The lead 
portions 75 and 75' may be formed by evaporation proc- 
ess. The lead portions 75 and 75' provide junction parts 
76 and 76' on the surfaces of the terminals 73. 73'. re- 
spectively. 

[0057] In this embodiment, the conductive patterns 72 
and 72' of the flexible cable 71 are soldered to the junc- 
tion parts 76 and 76' in the following steps: 

a) applying solder paste to the locations on the sur- 
faces of the junction parts 76 and 76', which corre- 
spond in width to the discrete electrodes 70 and 70' 
and are arrayed at the same pilches as of the dis- 
crete electrodes 70 and 70', 

b) extending the flexible cable 71 over two arrays 
of the piezoelectric vibrators 5 and 5', 

c) positioning the conductive patterns 72 and 72' 
with respect to the junction parts 76 and 76' of the 
terminals 73 (73*) and 

d) to heat the surface of the flexible cable 71 . 

Heat is transferred through the heat resistant insulating 
film of the flexible cable 71 to the solder paste, to melt 
the solder paste. 

[0058] After the soldering work ends, the flexible ca- 



minals 73. 73' are formed using the long, rectangular 
thin plate 74, Alternatively, strips 78, 78' which arrayed 
corresponding in position to the arrays of the discrete 
electrodes 70. 70' as shown in Fig. 18. may be used in 

5 place with the thin plate 74. 

[0063] Fig. 1 9 shows an embodiment of an ink jet print 
head of which the terminals 73, 73' are formed of the 
strip array 78, 78'. As shown, a comb like member, made 
of ceramics, for example, comprises teeth 80 and a base 

10 81 from which the teeth 80 extend. These teeth 80 are 
arrayed at the same pitches as of the discrete electrodes 
70, 70'. The comb like member is fastened to the first 
cover member 2, and then the base 81 is cut out along 
a line M - M. 

1$ [0064] Fig. 20 shows another embodiment of an ink 
jet print head according to the invention. In the figure, 
reference numeral 181 stands for a terminal made of 
conductive material. As shown in Fig. 21. the lead por- 
tions 75, 75' connecting to the discrete electrodes 70, 

20 70' extend up to the side end of the first cover member 
2. Strip-like conductive substrates 82 are secured to the 
surfaces of them by conductive adhesive. Then, junction 
parts 83 are formed on the surfaces of the strip-like con- 
ductive substrates 82. The junction parts 83 are made 

25 of metal, for example, silver, which is suitable for the 
soldering thereto of the conductive patterns 72, 72' of 



ble 71 are fixed at both ends to the terminals 73, 73' and 
held in a state that a gap 5, determined by the height of 
the terminals 73. 73', is formed between the lower sur- 
face of the flexible cable 71 and the upper surfaces of 
the piezoelectric vibrators 5 and 5'. 
[0059] Accordingly, the flexible cable 71 will not be in 
contact with the piezoelectric vibrators 5 and 5'. and the 
thin plates of the terminals 73, 73' sen/e also as rein- 
forcing members. 

[0060] In the embodiment mentioned above, the con- 
ductive patterns 72 and 72' of the flexible cable 71 are 
directly soldered to the junction parts 76 and 76' as the 
extended parts of the lead portions 75 and 75'. Another 
connection structure of the lead portions to the conduc- 
tive patterns is illustrated in Fig. 17. As shown, the ex- 
treme parts 75a and 75a' of the lead portions 75 and 75' 
extend to the terminals 73 (73'). Junction layers 77 and 
77', which are made of metal suitable for soldering con- 
nection and correspond in width to the discrete elec- 
trodes, are arrayed on the surfaces of the terminals 73 
(73'), while being electrically continuous to the extreme 
parts 75a and 75a'. The conductive patterns 72 and 72' 
of the flexible cable 71 are soldered to the junction layers 
77 and 77', respectively. 

[0061] In this embodiment, provision of the junction 
layer 77 increases the thickness of the whole structure 
defined by the junction part 76 on the terminals 73 (73'). 
Accordingly, if the green sheets of piezoelectric material 
for the piezoelectric vibrators 5 are used for the thin plate 
74 (Fig. 16) as they are. the thickness of the junction 
layer 77 surely provides the gap c|. 
[0062] In the above-mentioned embodiment, the ter- 



the flexible cable 71 . 

[0065] Also in this embodiment, the terminals 73, 73' 
may be formed of the comb-like member. Accordingly, 

30 the manufacturing process of the print head is simplified. 
A comb like member is formed by press work. The comb 
like member, as shown in Fig. 22, comprises portions 
84 to be fastened to the first cover member 2 as strip- 
like conductive substrates 82, which are thin conductive 

35 strips made of metal arrayed at the same pitches as of 
the discrete electrodes 70, 70', and a base 85 from 
which the portions 84 extend. The portions 84 serving 
as the strip-like conductive substrates 82 are fastened 
onto the first cover member 2. The base 85 is cut out 

40 along a line N - N, located just outward from the side 
edge of the first cover member 2. The flexible cable 71 
is connected to the parts of the portions 84. which are 
extended outward from the side edge of the first cover 
member 2. Therefore, the flexible cable 71 may be sol- 

45 dered to the strip-like conductive substrates 82 without 
overheating the actuator unit 1. 

[0066] Fig. 23 shows another embodiment of an ink 
jet print head according to the invention. A substrate 86, 
made of metal, serving also as a reinforcing substrate, 

50 is fastened to the first cover member 2 by adhesive. An 
insulating layer 87 is formed on the surface of the sub- 
strate 86. In the process of forming the discrete elec- 
trodes 70 and 70', lead portions 75. 75' are formed 
reaching the upper surface of the insulating layer 87. 

55 Further, junction parts 88, 88', suitable for the soldering 
connection, are formed covering the extreme parts 75a, 
75a' of the lead portions 75. 75'. 
[0067] Fig. 24 shows yet another embodiment of an 
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ink jel print head according to the invention. 
[0068] In the embodlnnent. the extreme parts 75b. 
75b' of the lead portions 75, 75' connecting to the dis- 
crete electrodes 70, 70' extend to the terminals 89, 89'. 
The terminals 89, 89' are formed, by a thick film printing 
method, on the discrete junction areas on the first cover 
member 2. which include the extreme parts 75b, 75b' 
and are arrayed at the same pitches as of the discrete 
electrodes and along the side edge of the actuator unit. 
The resultant terminals 89, 89' are higher than the pie- 
zoelectric vibrators 5, 5'. After the resultant structure is 
dried, the terminals 89, 89' are jointed to the flexible ca- 
ble 71. 

[0069] Thus, in this embodiment, the upper surfaces 
of the terminals 89, 89' are higher than the piezoelectric 
vibrators 5, 5'. Another connection structure is illustrated 
in Fig. 25. As shown, spherical parts 90, 90', which are 
protruded toward the first cover member 2, are formed 
in the junction areas of the flexible cable 71 . The depth 
d of (he spherical parts 90. 90' is larger than the thick- 
ness of the piezoelectric vibrators 5, 5'. With the con- 
nection structure, the thickness of terminals 91 , 91 ' may 
be reduced. The use of the thin the terminals 91 , 91 ' Is 
advantageous when terminals 91 , 91 ' are made of con- 
ductive adhesive since the time for drying the terminals 
91, 91' is reduced. 

[0070] Figs. 26 and 27 show additional embodiments 
of an ink jet print head according to the invention. Sup- 
ports 92 or 93 that are higher than the piezoelectric vi- 
brators 5, 5' are provided in the portions of the actuator 
unit where neither of the piezoelectric vibrators 5 and 5' 
Is present, for example, the portions close to the side 
ends of the actuator unit as shown in Fig. 23 or both 
ends of the piezoelectric vibrators 5 and 5' when viewed 
in the arrays thereof. Those supports 92 or 93 are dis- 
posed on the outer sides of the arrays of the piezoelec- 
tric vibrators 5 and 5', respectively. The flexible cable 71 
is supported by the supports 92 or 93. 
[0071] In the present embodiments, the supports 92 
and 93 are merely added to the structure of the previous 
embodiment. Accordingly, a conventional manufactur- 
ing method may be applied to the manufacturing of the 
print head of the present embodiments. 
[0072] Fig. 28 shows an additional embodiment of an 
ink jet print head according to the invention. As shown, 
both ends of the flexible cable 71 are not buckled but 
bent at an appropriate radius R of curvature, whereby 
an elasticity of the heal resistant insulating film of the 
flexible cable 71 is actively used. 

[0073] In this embodiment, the portion of the flexible 
cable 71 extending inward of the junction parts thereof 
is lifted up by the elasticity of the cable per se. Accord- 
ingly, the flexible cable 71 will never bo In contact with 
the piezoelectric vibrators 5 and 5' unless a great force 
is applied to the cable. 

[0074] In the above-mentioned embodiment, the dis- 
crete electrodes 70 and 70' are formed on the surface 
of the first cover member 2. Also in an ink jet print head 



of the type in which the discrete electrodes are formed 
on the surfaces of the piezoelectric vibrators 5 and 5' 
and the cornmon electrode 4 is formed on the surface 
of the first cover member, the above-mentioned method 

s is available if the discrete electrodes can be led to the 
side ends of the first cover member by the lead portions. 
[0075] Pressure generating means, which are thin or 
low in height, are formed by sticking the thin plates made 
of piezoelectric material, e.g.. PZT, to the electrode. An- 

10 other type of the pressure generating means in which 
the first cover member is thinned or which may be 
formed within the pressure generating chamber may be 
used in place of the above-mentioned one. 
[0076] In a structure of the pressure generating 

?5 means shown in Fig. 29, the first cover member 2, which 
seals the pressure generating chambers 3, 3', compris- 
es a single piezoelectric vibrating layer 96 having a com- 
mon electrode 95 formed on the lower surface thereof. 
Discrete electrodes 97 are formed in a regional area of 

20 ihe upper surface which faces the pressure generating 
chamber 4. Only the area of the piezoelectric vibrating 
layer 96 which faces the pressure chamber 3 is selec- 
tively flexible. 

[0077] The piezoelectric vibrating layer 96 may be 
25 formed In a various ways. For oxampio, it may be a thin 
plate as a piezoelectric vibrating plate. A layer of piezo- 
electric material is formed on the common electrode 95 
by a sputtering method, a water-heat composing meth- 
od or a hydrothermal method. 
30 [0078] In a structure of the pressure generating 
means shown in Fig. 30, the first cover member 2 com- 
prises a common electrode 95. Piezoelectric vibrators 
98 and discrete electrodes 99 are formed on the lower 
surface of the common electrode 95, which faces the 
3S pressure generating chamber 3. If required, an elastic 
layer, for example, a thin plate of zirconia, for example, 
may be formed on the upper surface of the common 
electrode 95. 

[0079] In a structure of the pressure generating 

40 means shown in Fig. 31 , a Joule heat generating ele- 
ment 100 is provided on the under surface of the cover 
member 2 for sealing the spacer 8, which faces the pres- 
sure generating chamber 3 or the surface of another 
member for defining the pressure generating chamber. 

45 which faces the pressure generating chamber. In this 
example, the Joule heat gerierating element 100 gener- 
ates heat In accordance with controlled electrical signals 
applied thereto. With the generated heat, Ink' within the 
pressure generating chamber is vaporized to generate 

50 a pressure therein. 

. [0080] As seen from the foregoing description, an Ink 
jet print head of the present invention has a first cover 
member, a spacer being scaled at one side by the first 
cover member to partially define pressure generating 

55 chambers communicatively coupled with nozzle open- 
ings, a member with nozzle openings for sealing the oth- 
er side of the spacer, and pressure generating means 
for applying pressure to the pressure generating cham- 
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bers. The prinl head is improved by first terminals being 
formed h\ the side ends of the first cover member and 
connected to discrete electrodes for selectively applying 
signals to the pressure generating means, and drive sig- 
nal generating means for generating a drive signal to s 
drive the pressure generating means in response to an 
external signal received, the drive signal generating 
means having second terminals arrayed at the same 
pitches as of the first terminals, and further the first ter- 
minals are directly connected to the second terminals of io 
the pressure generating means in a state that a gap is 
present between the drive signal generating means and 
the pressure generating means. 

[0081] In the prinl head thus arranged, the first cover 
member and the drive signal generating means are ver- is 
tically arrayed. 

[0082] Accordingly, any additional area is not required 
for providing the drive signal generating means. Further, 
the terminals are directly connected to the terminals of 
the drive signal generating means. Accordingly, there is 20 
eliminated the connection and soldering work using 
wires. 

[0083] Further, in the present invention, the surfaces 
of the terminals, which are located at the side ends of 
the cover member, and are connected to the discrete 25 
electrodes for selectively applying sig nals to the piezo- 
electric vibrators, are higher than the pressure generat- 
ing means. Accordingly, a gap may be formed between 
the pressure generating means and the flexible cable. 
Accordingly, the flexible cable will not come into contact 
with the piezoelectric vibrators. The resultant print head 
is free from the unwanted vibration of the cover member 
and the damage of the pressure generating means. 

Claims 

1. An ink jet print head comprising: 



plying signals to said pressure generating 
means (5. 5'): 

a flexible cable (71 ) for transferring electric sig- 
nals, said flexible cable (71) being extended 
over said pressure generating means (5, 5') 
and secured at said terminals (73, 73'), 

characterized in that 

said flexible cable (71 ) is held in a state that a 
gap (g) determined by the height of said termi- 
nals is formed between the lower surface of the 
flexible cable (71) and 

the upper surfaces of the pressure generating 
means (5, 5') so that said pressure generating 
means (5, 5') is provided beneath said flexible 
cable. 

2. The ink jet print head especially according to claim 
1, wherein the surfaces of said terminals (73.73') 
are at a higher position than the surface of said 
pressure generating means, and said flexible cable 
(71) is secured at both ends thereof to said termi- 
nals (73,73'). 



3. The ink jet print head according to claim 1 of 2. 
wherein said terminals (73.73') are each formed of 
electrically insulating members covered with con- 
ductive films. 

4. The ink jet print head according to one of the pre- 
ceding claims, wherein said terminals (73,73') com- 
prise discrete conductive films (72,72') that are ar- 
rayed at the same pitches as of a plurality of discrete 
electrodes on an elongated plate of electrically in- 
sulating material extending over the lead portions 
(75.75') extending from the discrete electrodes 
(70.70'). 



a first cover member (2); 40 



a spacer (8) attached to said first cover member 5. 
(2) for sealing at one side thereof to partially 
define pressure generating chambers (3. 3'); 

45 

a member having nozzle openings (18. 18') for 
sealing the other side of said spacer (8). said 
nozzle openings (18, 18') being communicated 6. 
with said respective pressure generating cham- 
bers (3. 3'); so 

pressure generating means (5, 5') for applying 
pressure to said pressure generating chamber 7. 
(3. 3'); 

55 

terminals (73. 73') formed at the said ends of . 
said first cover member (2) and connected to 
discrete electrodes (70, 70') for selectively ap- 8. 



The ink jet print head according to one of the pre- 
ceding claims, wherein said terminals (73,73') com- 
prise discrete conductive films layered on strips (78) 
of electrically insulating material substantially equal 
in width to the discrete electrodes (70,70'). 

The ink jet print head according to one of claims 3 
to 5, wherein said insulating material of said termi- 
nals (73,73') is the same as of said pressure gen- 
erating means. 

The ink jot print head according to one of. the pre- 
ceding claims, wherein said terminals (73,73') com- 
prise discrete conductive strips substantially equal 
in width to the discrete electrodes (70,70'). 

The ink jet print head according to claim 7, wherein 
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said conductive material includes conductive adhe- 
sive. 

9. The ink jet print head according to one of the pre- 
ceding claims, wherein said terminals (73,73') have s 
a metal layer suitable for solderinq connection 
formed on the surfaces thereof. 

10. The Ink jet print head according to one of the pre- 
ceding claims, wherein said terminals (73,73') com- io 
prise: elongated conductive plates; electrically in- 
sulating layers being formed on said elongated con- 
ductive plates; and conductive junction parts 
(76,76') being formed thereon at the locations of 
said discrete electrodes (70.70')- 

11. The ink jet print head according to claim 1 , wherein 
spherical parts (90) are formed at the Junction areas 
of a flexible cable (71 ) for supplying an external sig- 
nal to said prinl head to said pressure generating 20 
means, wherein the depth of each said spherical 
parts (90) Is selected to such an extent as to allow 
the underside of said flexible cable (71 ) to retract to 

a place where it does not interrupt the vibration of 
said cover mombor (2). 2S 

12. The ink jet print head according to claim 1 , wherein 
a support member is provided for supporting said 
flexible cable (44;50;71) for supplying an external 
signal to said print head such that the flexible cable 30 
(44;50;71) Is placed at a location on the surface of 
said cover member (2) where the vibration of said 
cover member (2) is not interrupted. 

1 3. The ink jet print head according to claim 1 , wherein 55 
regions of said flexible cable (44;50;71 ) in the vicin- 
ity of junction areas (76;83;88) of said flexible cable 
(44;50;71 ) are bent at an appropriate radius of cur- 
vature such that a central portion of said flexible ca- 
ble (44;50;71 ) Is lifted up by the elasticity of the flex- -^o 
Ible cable (44;50;71). 
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